Abstract. The aim of this study was to evaluate the safety and efficacy of combined treatment with trastuzumab (T), gemcitabine (gem) and vinorelbine (vin) as second-line therapy for HER-2 overexpressing metastatic breast cancer, pretreated with anthracyclines and/or taxanes and/or trastuzumab. Eligible patients had HER-2/neu-positive disease (IHC 2+ or 3+), performance status (PS) ≤2 and normal L-VEF. Patients were treated with weekly T (4 mg/kg on day 0, then 2 mg/kg), in combination with gem (800 mg/m 2 ) and vin (25 mg/m 2 ) on days 1 and 8, every 21 days. Patients were restaged every 3 cycles. A total of 30 patients (median age, 58 years; range, 41-74) were enrolled in the study. Fifteen patients were HER-2 3+ and 26 (86.7%) presented ≥2 metastatic sites. Of the patients, 7 (23.3%) had received trastuzumab as first-line therapy. Treatment was welltolerated with grade 4 neutropenia in 6 patients, grade 3 thrombocytopenia and grade 3 anemia in 1 patient, and grade 3 asthenia in 4 patients. Fifteen patients obtained an objective response (response rate, 50%; C.I. 95%, range, 31.3-68.7%). Among the patients with HER-2/neu 3+, the response rate was 73.3%. Noteworthy were 4 objective responses observed in patients with brain metastasis. Also, 7 patients had stable disease (23.3%). Median progression-free survival was 7 months (range 5-10), and median overall survival was 15 months (range 5-33). T-gem-vin is a safe and active regimen in this subgroup of patients with poor prognosis, and the efficacy of such a schedule was particularly satisfactory in patients with HercepTest 3+.
Introduction
Overexpression of HER-2/neu in breast cancer tumors identifies a subgroup of patients with aggressive disease, frequently with negative hormone receptors and poor prognosis (1, 2) . Furthermore, tumor amplification of the HER-2 gene has been associated with resistance to a variety of chemotherapeutic agents and tamoxifen (3, 4) . Trastuzumab is a humanized monoclonal antibody with high specificity for the HER-2 protein (5) , which demonstrated activity when used as a single agent in the first-or second-line treatment of metastatic breast cancer (MBC) (6, 7) and in combination with chemotherapy (8) (9) (10) . In a randomized controlled trial of first-line trastuzumab plus chemotherapy in women with HER-2/neu-positive MBC, the combination of trastuzumab and chemotherapy significantly improved time to progression, overall response rate, duration of response and overall survival compared with chemotherapy alone (11) . Moreover, such a combination also determined a significant improvement in quality of life compared to standard chemotherapy (12) . There was, however, an unacceptably high rate of cardiotoxicity in patients concurrently treated with doxorubicin and trastuzumab, which limited the use of such a combination in clinical practice. This led to the development of alternative trastuzumab-based combinations for HER-2/neu-positive MBC. Several studies have assessed the antitumoral activity and tolerability of the trastuzumab and taxanes combination, an active first-line therapy for this setting of patients (10) (11) (12) (13) (14) . However, when first-line chemotherapy fails, non-crossresistant treatments with minimal toxic effects that could be easily administered on an outpatient basis are warranted. Preclinical data suggest that the combination of trastuzumab with the antimetabolite gemcitabine or the semisynthetic vinca alkaloid vinorelbine has additive or synergistic activity (15) . Gemcitabine and vinorelbine have demonstrated satisfactory antitumoral activity as single agents in metastatic breast cancer (16) and, due to the substantial antitumoral activity of the two drugs, different mechanisms of action and favorable toxicological profile, their combined use has been successfully tested for the palliative treatment of advanced (17) (18) (19) (20) and also active in patients with progressive disease after anthracyclines and taxanes (21) . Taken together, these pre-clinical and clinical data suggest that the combination of trastuzumab, gemcitabine and vinorelbine is a potentially active and safe treatment for previously treated patients with HER-2/neu-positive MBC. The aim of the present phase II study was to evaluate the safety and activity of trastuzumab in combination with gemcitabine and vinorelbine (T-gem-vin) as second-line therapy for patients with HER-2/neu overexpressing MBC, pretreated with anthracyclines and/or taxanes and/or trastuzumab.
Patients and methods
Eligibility criteria. platelets. Previous treatment with trastuzumab or hormonal therapy for metastatic disease was allowed. Patients were excluded if they had previous treatment with vinorelbine or gemcitabine, brain metastases as the only site of disease, a positive history for other types of cancer, with the exception of radically resected 'in situ' cervix cancer and nonmelanoma skin cancer, congestive heart failure or concurrent medical illness. Patients with peripheral neuropathy of grade ≥2 or a pregnancy were also ineligible. The protocol was approved by the Institutional Ethics Committee, and written informed consent from all patients was required.
Treatment plan.
Patients received vinorelbine at a dose of 25 mg/m 2 in 100 ml of 0.9% normal saline on days 1 and 8, followed by gemcitabine at a dose of 800 mg/m 2 in 250 ml of normal saline as a 30-min infusion, every 21 days. Trastuzumab was administered at a loading dose of 4 mg/kg on day 0 of cycle 1 and 2 mg/kg/week thereafter, following chemotherapy. Trastuzumab was initially administered over 90 min. If well tolerated, subsequent infusions were given over 30 min. Dexamethasone was administered before trastuzumab, and clorphenamine was optional. Each cycle consisted of 3 weeks. A minimum of 3 and a maximum of 8 cycles of treatment had been planned per patient, and trastuzumab treatment was continued for a maximum of 52 weeks in responsive patients.
Instructions for dose modification of drugs were included in the protocol and dependent on the type of toxicity observed and its grade level: on day 1, in the presence of ≥1,500/mm 3 neutrophils and ≥100,000/mm 3 platelets, fulldose chemotherapy was administered. If neutrophils were <1,500/mm 3 or platelets <100,000/m 3 , a 1-week delay was planned. On day 8, in the presence of ≥1,500/mm 3 neutrophils and ≥75,000 platelets, full-dose chemotherapy was administered. If neutrophils were ≥1,000/mm 3 but <1,500/mm 3 , full-dose chemotherapy was administered with G-CSF support on days 9-15. If neutrophils were ≥500/mm 3 and <1000/mm 3 , a 75% dose of chemotherapy was administered Table I . Characteristics of the patients. 
with G-CSF support on days 9-15. If neutrophils were <500/mm 3 or platelets <75,000/m 3 , day 8 chemotherapy was omitted. Oral ofloxacine at a dose of 300 mg b.i.d. and G-CSF support were given in the case of grade 4 neutropenia, until hematological recovery. No dose reduction of trastuzumab was planned. Trastuzumab was stopped if patients developed fevers, chills, allergic reactions, or any grade 3 or 4 toxicities.
Staging and follow-up procedures. Pre-treatment evaluation was performed 1 month before starting therapy and included a complete history and physical examination, complete blood cell counts and serum chemistries, left ventricular eject fraction (LVEF) evaluated by echocardiography and tumor assessment with total body computed tomography, bone scan, skeletal bone X-rays as indicated. During the study, patients underwent clinical examination and routine biochemistry before day 1, while complete blood cell counts were performed weekly. Response assessment was planned after completion of the 3rd and 6th cycles of chemotherapy, repeating the staging procedures.
Evaluation of response and toxicity. Efficacy and toxicity were evaluated according to World Health Organization (WHO) criteria. The worst degree of toxicity experienced during the treatment was recorded for each patient.
Statistical methods. Response rate was computed as the proportion of patients with complete or partial tumor response, among all eligible patients. All confidence intervals (CIs) cited are two-sided 95% exact intervals, calculated by use of the binomial formula. Comparisons between response rates in different strata were made using the Fisher's exact test. Response duration was measured from the day of its initial documentation until disease progression (PD). Progressionfree survival (PFS) was calculated from study entry until last follow-up or evidence of PD; overall survival (OS) was measured from the day of entry until last follow-up or death. PFS and OS curves were estimated by the product-limit method of Kaplan-Meier, whereas comparisons between curves were carried out using the log-rank test. Table III . Non hematological toxicity (WHO grade). 
Results
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patients was 58 years (range 41-74). The ECOG performance status was 0 in 15 patients, 1 in 8 patients and 2 in 7 patients. Fifteen patients were HER-2 3+, and 18 patients (60%) were treated with adjuvant chemotherapy, containing anthracyclines in 11 cases (36.7%). All patients were treated with first-line chemotherapy for metastatic disease: 5 patients with anthracyclines containing regimens, another 17 with taxanes and 8 with combinations of anthracyclines and taxanes. Seven patients received trastuzumab in combination with weekly paclitaxel as first-line chemotherapy, and 13 patients (43.3%) obtained a major response to first-line chemotherapy. There were 11 patients (36.7%) who had received prior endocrine treatment and 8 patients (26.7%) treated with palliative radiotherapy for metastatic disease. Upon entry into the study, 25 patients (83.3%) had visceral sites of metastasis: 70% of patients had liver metastases and 23.3% of patients presented brain metastases. Also, 26 patients (86.7%) had ≥2 metastatic sites.
Tolerance. A total of 165 cycles of chemotherapy and 629 administrations of trastuzumab were given to the 30 patients. The median number of cycles of chemotherapy was 6.0 per patient (range 3 to 9) and the median number of trastuzumab administrations was 18 per patient (range 7-50). Reasons for treatment discontinuation were disease progression in 6 patients, medical decision in 2 cases and patient refusal in 1 case. Chemotherapy (102 cycles) (61.8%) was given at full dose both on days 1 and 8. The dose of chemotherapy on day 8 was reduced by 25% in 46 cycles (27.9%) and was withdrawn in 17 cycles (10.3%). A 1-week delay of day 1 and day 8 therapy was made in 46 (27.9%) and 9 cycles (6.1%), respectively. G-CSF support was given in 32 cycles (19.4%). The planned dose intensity (DI) of gemcitabine was 533.3 mg/m 2 /wk, and the median delivered dose was 446.7 mg/m 2 /wk. The planned DI of vinorelbine was 16.6 mg/m 2 /wk, and the median delivered dose was 14.0 mg/m 2 /wk. Therefore, the relative dose intensity was 0.84 for both the drugs. A total of 16 trastuzumab treatments were omitted; therefore, patients received 97.5% of the planned trastuzumab administrations.
Hematological and non-hematological toxicities are reported in Tables II and III , respectively. Grade 3 and 4 neutropenia occurred in 11 and 6 patients, respectively; two episodes of febrile neutropenia were observed in 2 patients, who were hospitalized and treated with intravenous antibiotic therapy (ceftazidim and amikacin) and G-CSF, with resolution of the toxicity in 2 days. Grade 4 anemia and thrombocytopenia were not observed. The most common non-hematological toxicity was asthenia, which occurred in 50% of patients, resulting of grade 3 in 13.3%. Reversible hepatic toxicity was observed in 7 patients and moderate phlebitis occurred in 5 patients. Grade 1 peripheral neuropathy was observed in 4 patients. No clinical or instrumental cardiac toxicity was observed.
Response rate and survival. Objective responses and survival data are summarized in Table IV . A complete response was observed in 3 patients (10%) and partial response in 12 (40%) for an overall response rate of 50% (95% C.I., 31.3-68.7%). Seven patients (23.3%) achieved disease stabilization lasting for at least 3 months, and 8 patients (26.7%) presented progression of disease after 3 cycles. The sites of disease in the complete responders were liver, bone, brain and lymph nodes. Of note, there were 4 objective responses observed in patients with brain metastasis. Moreover, among the 7 patients with progressive disease after first-line chemotherapy with paclitaxel and trastuzumab, there were 2 partial responses and 2 with stable disease were observed with T-gem-vin. No significant difference was found in terms of response rate in relation to the following variables: performance status (p=1.000), response to first-line chemotherapy (p=1.000), type of first-line chemotherapy (p=0.139) and number of metastatic sites (p=1.000). On the Table IV . Treatment results. 
Median
Response duration 6 ≥3-9 Progression-free survival 6 ≥3-12 contrary, a significant difference in terms of response rate was found in the two subsets of patients who were HER-2 2+ or 3+: 26.7 vs 73.3%, respectively (p=0.02). As of November 30, 2004, after a median follow-up of 17 months, 14 patients had died of PD and 16 patients were still alive, of whom 5 remained in response. Median progression-free survival was 7 months (95% C.I., 5-10 months). The 1-year progressionfree survival was 9.2%, with a median overall survival of 15 months (95%C.I, 19-33 months) ; the 1-and 2-year probability of overall survival was 80.0 and 44.9%, respectively. The Kaplan-Meier estimated curves of time to progression and overall survival are reported in Fig. 1 .
Discussion
This is the first phase II study evaluating the safety and efficacy of trastuzumab in combination with gemcitabine and vinorelbine as second-line therapy for patients with HER-2/neu overexpressing MBC. Since the use of combined chemotherapy in MBC is palliative, patients with HER-2/ neu-positive MBC may benefit mostly from combining trastuzumab with agents of moderate toxic effect and satisfactory activity. Taking into account that anthracyclines and taxanes are considered the most active agents in breast cancer and often used in combination as first-line therapy, the search for new effective and non-cross resistant regimens containing trastuzumab with low systemic toxicity and good tolerability is a major area of research. Moreover, an important challenge after the failure of first-line therapy with trastuzumab combined with chemotherapy is to establish whether retreatment with trastuzumab with different, non-cross-resistant cytotoxic agents is capable of restoring response. The above is based on the hypothesis that acquired resistance to therapy is mainly related to chemotherapy, although resistance to trastuzumab is not clearly documented in a clinical setting (23) .
The T-gem-vin combination was chosen on the basis of experimental data demonstrating additive or synergistic activity among these drugs (15) , and clinical trials confirming the clinical activity and safety of gemcitabine and vinorelbine in previously treated MBC (18) (19) (20) (21) . In particular, the results of our previously published phase I-II study suggested that the gemcitabine-vinorelbine combination, using the same schedule and dose tested in this study, is an active and well-tolerated second-line therapy in patients pretreated with both anthracyclines and taxanes (22) .
Results of the present phase II study indicate that the T-gem-vin combination is an active second-line therapy for patients with HER-2/neu-positive MBC, with a response rate of 50% and median survival of 15 months. Response rates were highest in patients with tumors HER-2/neu 3+ by HercepTest (73.3%); only 4 patients with tumors HER-2/neu 2+ by HercepTest presented a partial response to T-gem-vin (26.7%), confirming the necessity to test the HER-2/neu 2+ tumor for HER-2 amplification by FISH. Of interest are the objective responses observed in 57.1% of patients with brain metastasis and 28.6% of patients pretreated with first-line chemotherapy containing trastuzumab.
A favorable toxicological profile was also observed with the T-gem-vin combination, which was well tolerated by the majority of patients. Grade 4 neutropenia occurred only in 6 cycles (3.6%) and was associated with infective complications in 2 patients, who were treated with intravenous antibiotic therapy and G-CSF with a prompt resolution. No other grade 4 toxicities were observed. Asthenia was the most common non-hematological toxicity, occurring in 50% of patients and being of grade 3 in 13.3%. The T-gem-vin combination was not associated with clinical cardiac toxicity nor a significant reduction in LVEF.
In previously treated patients with MBC, other phase II studies have demonstrated response rates of 11 to 15% with trastuzumab as a monotherapy (6,7) and 24 to 65% for combinations of trastuzumab with platinum salts (8), taxanes (10, 13, 14, 24) , vinorelbine (25, 26) , or a triplet of trastuzumab with taxanes and platinum salts (27) . Preliminary analysis of a randomized study of trastuzumab and paclitaxel vs the same regimen in combination with carboplatin demonstrated an improvement in time to progression with the triplet association The optimal trastuzumab-based chemotherapy regimen has not been identified, even though there is a trend favoring weekly schedules of cytotoxic agents compared to standard dosages given every 3-4 weeks (32). The T-gem-vin regimen represents an attractive schedule for pretreated MBC patients, due to the favorable toxicological profile of the combination, the absence of cardiac toxicity, and the high percentage of objective responses observed in patients with HER-2 3+ tumors (73.3%). The activity of this regimen should also be considered of particular interest, taking into account the unfavorable characteristics of patients and previous treatments. In fact, the majority of patients had visceral disease (83.4%), ≥2 metastatic sites (86.7%) and 7 patients presented brain metastasis (23.3%).
In conclusion, our data indicate that trastuzumab in combination with gemcitabine and vinorelbine is a welltolerated and effective regimen for patients with HER-2 3+ MBC. The results of this phase II study suggest that the T-gem-vin schedule can be safely used as second-line therapy in women with HER-2-positive MBC and particularly suitable for patients pre-treated with combinations of anthracyclines, taxanes and even trastuzumab.
